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A119 Non-Linear Systems Theory and Its Application to the Assessment of Postmortem 
Interval

Charles C. Boyd, PhD*, Radford University, Dept of Anthropological Science, Radford, VA 24142; William W. Baden, PhD, Indiana 
University-Purdue University Fort Wayne, 2101 E Coliseum Boulevard, Fort Wayne, IN 46805; and Donna C. Boyd, PhD, Radford 
University, Forensic Science Institute, PO Box 6939, Radford, VA 24142

After attending this presentation, attendees will understand the application of non-linear systems theory and computer simulation to 

LQWHUSUHWLQJ�DQG�UHVROYLQJ�WKH�FRPSOH[��PXOWLYDULDWH�SUREOHP�RI�GHWHUPLQLQJ�3RVWPRUWHP�,QWHUYDO��30,��
7KLV�SUHVHQWDWLRQ�ZLOO�LPSDFW�WKH�IRUHQVLF�VFLHQFH�FRPPXQLW\�E\�GHPRQVWUDWLQJ�WKH�DSSOLFDWLRQ�RI�D�QRQ�1HZWRQLDQ�VFLHQWL¿F�PRGHO�

— non-linear systems theory — to forensic interpretations involving the interaction of multiple human and non-human variables.

6LQFH�'U��:LOOLDP�%DVV¶�HVWDEOLVKPHQW�RI�WKH�³%RG\�)DUP´�LQ�������D�SOHWKRUD�RI�GHFRPSRVLWLRQ�VWXGLHV�KDYH�HPHUJHG�IURP�WKLV�DQG�
RWKHU�GHFD\�IDFLOLWLHV�ZLWK�D�JRDO�RI�GHYHORSLQJ�D�PRUH�FRPSOHWH�XQGHUVWDQGLQJ�RI�30,�WKURXJK�H[SHULPHQWDWLRQ�DQG�DFWXDOLVWLF�VWXG\���
7KHVH�VWXGLHV�KDYH�LGHQWL¿HG�D�PXOWLWXGH�RI�YDULDEOHV�DIIHFWLQJ�30,���,Q�VSLWH�RI�WKHVH�VWXGLHV��QR�RYHUDOO�GHYHORSPHQW�RI�SUHFLVH�UHJLRQ�
VSHFL¿F�30,�PRGHOV�KDV�EHHQ�SURSRVHG��

The goal of this presentation is to explore the utility of non-linear systems theory and computer simulation in enhancing forensic 

DQWKURSRORJLVWV¶�DELOLW\�WR�GH¿QH�30,���1RQ�OLQHDU�V\VWHPV�UHIHU�WR�HQYLURQPHQWV�ZLWK�PXOWLSOH�YDULDEOHV��WKH�LQWHUDFWLRQ�RI�ZKLFK�FDQ�
SURGXFH�PRUH�FRPSOH[�DQG�XQIRUHVHHQ�UHVXOWV���1RQ�OLQHDU�V\VWHPV�WKHRU\�LV�IRFXVHG�RQ�KRZ�WKRVH�V\VWHPV�DUH�XQGHUVWRRG�DQG�DQDO\]HG���
,W�LV�DQ�LGHDO�WKHRUHWLFDO�PRGHO�WR�XVH�IRU�DVVHVVPHQW�RI�30,��JLYHQ�WKH�ODUJH�QXPEHU�RI�LQWHUDFWLQJ�YDULDEOHV�

+LVWRULFDO�FRQWLQJHQF\��L�H���WKH�HIIHFWV�RI�XQLTXH�RU�UDQGRP�HYHQWV��DQG�WKH�LPSDFW�RI�DJHQWV��ERWK�KXPDQ�DQG�QRQ�KXPDQ��DUH�
given consideration in non-linear systems theory.  This is important, since such events and agents may not produce patterned behavior 

but would still have considerable impact on the creation of the forensic scene and its interpretation. 

1RQ�OLQHDU�V\VWHPV�WKHRU\�LV�TXLWH�GLIIHUHQW�IURP�WKH�WUDGLWLRQDO�UHGXFWLRQLVW�VFLHQWL¿F�SDUDGLJP�LQ�WKDW�LW�GRHV�QRW�LVRODWH�YDULDEOHV�
for testing but instead focuses on the results of their interaction.  One important method often used in non-linear systems analysis is 

computer simulation which can explicate past events through the analysis of the interaction of a number of variables.  Such analyses 

can also examine the temporal sequence of events by revealing the emergent (new and/or unique) properties periodically resulting from 

variable interaction.  By recording environmental variables for forensic cases and experimental settings and using these in simulation 

VWXGLHV��UHJLRQ�VSHFL¿F�PRGHOV�IRU�30,�FDQ�EH�GHYHORSHG�ZKLFK�FDQ�GHOLQHDWH�WKH�WHPSRUDO�VHTXHQFH�RI�GHFRPSRVLWLRQ���7KHVH�PRGHOV�
may then be applied to the interpretation of new cases.  The application of non-linear systems theory can, therefore, stimulate a new 

XQGHUVWDQGLQJ�RI�WKH�30,�IRU�IRUHQVLF�DQWKURSRORJLVWV�DQG�LPSURYH�IXWXUH�LQWHUSUHWDWLRQ�RI�WKLV�FRPSOH[�SUREOHP��
7R� LOOXVWUDWH� WKH� DSSOLFDWLRQ� RI� WKLV� WKHRU\� WR� 30,� LQWHUSUHWDWLRQ�� D� SLORW� VWXG\� LQYROYLQJ� ��� VWLOOERUQ� SLJV� SODFHG� LQ� GLIIHUHQW�

HQYLURQPHQWV� DQG� H[DPLQHG� RYHU� D� SHULRG� RI� ��� GD\V� GXULQJ� ODWH� VXPPHU� LV� SUHVHQWHG�� � 9DULDEOHV� H[DPLQHG� LQFOXGH� SLJ� ZHLJKW��
microenvironment (indoor/outdoor), degree of insect infestation, ambient temperature, and rainfall.  A decomposition scale designated 

the degree of decay at different intervals.  Non-linear simulation showed that decay rates varied between outdoor and indoor specimens.  

2XWGRRU�VSHFLPHQV�GHFRPSRVHG�PRUH�UDSLGO\�DQG�DW�D�KLJKHU�UDWH�GXULQJ�WKH�¿UVW�¿YH�GD\V��VXEVHTXHQW�WR�WKLV��RXWGRRU�DQG�LQGRRU�GHFD\�
UDWHV�VWDELOL]HG�DQG�ZHUH�FRPSDUDEOH���7KLV�VLPXODWLRQ�FUHDWHG�D�PRGHO�IRU�GHFD\�UDWHV�RI�VSHFLPHQV�RYHU�WLPH�DQG�H[SODLQHG�WKH�VWDJHV�
RI�GHFD\�LQ�UHODWLRQ�WR�WKH�YDULDEOHV�QRWHG�DERYH��ZLWK�FXPXODWLYH�WHPSHUDWXUH�EHLQJ�WKH�PRVW�VLJQL¿FDQW�YDULDEOH���7R�FDOFXODWH�30,��
decomposition score is matched to a value for cumulative temperature, then compared to available climate data.

Previous researchers have considered forensic anthropology to be non-theoretical or burdened with so many complex variables that 

LW�FDQQRW�EH�³VFLHQWL¿F´�LQ�LWV�LQWHUSUHWDWLRQV���1RQ�OLQHDU�V\VWHPV�WKHRU\�FDQ�PLWLJDWH�WKHVH�SUREOHPV�E\�SURYLGLQJ�D�EURDGHU�GH¿QLWLRQ�
RI�VFLHQWL¿F�WKHRU\�DQG�D�PHWKRGRORJ\��VLPXODWLRQ��ZKHUHE\�PXOWLSOH�YDULDEOHV�FDQ�EH�H[DPLQHG�LQ�D�V\VWHPDWLF�PDQQHU���,W�DOVR�FDQ�
SURYLGH�WKH�WKHRUHWLFDO�DQG�PHWKRGRORJLFDO�WRROV�WR�GHYHORS�UHJLRQDO�PRGHOV�IRU�30,���1RQ�OLQHDU�V\VWHPV�WKHRU\�KROGV�WKH�SURPLVH�RI�
KRQRULQJ�'U��%DVV¶�RULJLQDO�UHVHDUFK�JRDO�RI�UHDFKLQJ�D�PRUH�LQIRUPHG�XQGHUVWDQGLQJ�RI�SRVWPRUWHP�LQWHUYDO�
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